The purpose of the paper is to present the data collected over an eight (8) year period that evaluated methods for demonstrating compliance with vector attraction reduction (VAR) requirements in a wastewater treatment plant (WWTP) that employs aerobic digestion. Many WWTPs in the northern states experience periods during the winter when they either can't meet VAR or are unable to show that they meet VAR. The methods available to show compliance with VAR for aerobic digestion are: volatile solids reduction over the digestion process, bench scale testing, or the specific oxygen utilization rate (SOUR) test. Each method can present some problems for the operator.
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INTRODUCTION
The AWWTP has had a successful land application program for biosolids since construction of the original wastewater treatment facility in 1970. Their land application program was regulated by the Pennsylvania Department of Environmental Protection (PADEP) beginning with issuance of Annville's first permit in 1972. The PADEP regulations underwent major revisions in 1988 and most recently in 1997. Until 1997, the PADEP regulations had very general stability standards for land application of biosolids that most treatment facilities easily met. The standards were based on achieving a volatile solids reduction of 38% over the facility.
On February 19, 1993, EPA published the Standards for the Use of Disposal of Sewage Sludge, 40CFR Part 503. Monitoring and recordkeeping was required by July 20, 1993 . Compliance with Part 503 regulations was required by February 19, 1994 . At that time, the AWWTP was meeting the PADEP stability requirements by showing volatile solids reduction of 38% "over the plant". However, Part 503 had standards that were different than the PADEP regulations and Annville found that they now had to meet the specific standards for vector attraction reduction (VAR) requirements. Annville staff immediately modified their biosolids management program to include an evaluation of VAR. It was decided that "process" VAR would best fit the needs of their biosolids program because surface application (on pasture) was an important part of the program. To be able to surface apply to pasture land without the need for incorporation, the biosolids had to satisfy the requirements for VAR.
Knowing that compliance with Part 503 was required by February 1994, AWWTP staff began developing protocols and procedures to show compliance with process VAR during the summer of 1993. Under Part 503, there are 8 options for meeting process VAR for an aerobically digested biosolids. Option 1 was ruled out because the percent volatile solids before digestion was low so that the 38% reduction over the aerobic digestion process could not be shown. Volatile solids reduction averaged only 32% over the digestion process because the average waste (waste from the 1 st stage and 2 nd stage treatment units) volatile solids being pumped into the aerobic digester is 68%. The average volatile solids content of the final biosolids is 59%.
Option 3, bench-scale aerobic batch digestion for 30 days appeared to be the best option to show compliance with VAR for the AWWTP. The first bench-scale test was completed in November 1993 and the second test completed by February 1994. Results of this early testing led AWWTP staff to discover that their biosolids might not meet the process VAR requirements during the winter months. Operational changes were made in response to these early test results. Once the operational issues were resolved and AWWTP staff felt confident in their bench-scale testing protocols, easier ways to show compliance with process VAR were discussed. AWWTP staff decided to include the SOUR test (Option 4) in their monitoring schedule. SOUR testing took 2 hours while bench-scale testing took 30 days. They also decided to collect other data in an effort to draw a correlation between bench-scale (calculated using Van Kleeck and mass balance), SOUR, and the volatile solids content of their final biosolids product. The AWWTP VAR monitoring program and the results of the past 8 years of monitoring is the focus of this paper. nd stages are aerobically digested and thickened prior to land application. The primary end use alternative for biosolids produced at AWWTP is liquid land application to farmland. However, AWWTP also applies aerobically digested solids to reed beds, as they are used as a secondary alternative. Photograph 2 shows the AWWTP tank truck with the reed beds in the background.
Thickened solids are pumped to one (of the 2) aerobic digesters. Photograph 3 shows the thickeners. Photograph 4 shows one of the two aerobic digesters. Detention times range from 30 to 45 days for this first digestion period. If water can be removed, it is decanted. The digested solids are pumped to the other digester for further aerobic digestion and removal of excess water (decanting). Detention times range from 45 to 75 days for this additional digestion period.
Solids processing at the AWWTP was handled differently prior to passage of Part 503. The aerobic digesters were operated in parallel. Overall, detention times did not appear to be adequate during the winter months as AWWTP biosolids did not meet VAR in the spring, according to the results of the bench-scale testing. The aerobic digesters are now operated in a series that provides for longer detention times. The change in operation of the digesters was facilitated in 1993 when the AWWTP constructed reed beds. The reed beds were constructed in order to provide a secondary (beneficial) option for biosolids, and especially to meet winter storage needs. As a result, winter operation of the digesters was greatly enhanced.
Biosolids produced at the plant meet Table 3 pollutant requirements. Monitoring for pollutants is conducted 3 times per year. Influent wastewater is mainly residential with a small commercial component. The biosolids meet the Class B pathogen requirements by virtue of the testing alternative. Fecal coliform monitoring is conducted once each year using the membrane filtration method. Fecal coliform counts have ranged from 10,527 to 412,257 colony forming units per gram since the monitoring began in 1993.
TESTING PROTOCOLS
The AWWTP biosolids VAR monitoring program began in October 1993, in order to show compliance with process VAR requirements. Only bench-scale testing was conducted initially. In November 1994, AWWTP staff began conducting SOUR testing along with the bench-scale test, on the same biosolids sample. The SOUR test was initially conducted on "undiluted" biosolids with a total solids content typically ranging from 0.9% to 3 %. In 1998, the SOUR test was also conducted on biosolids samples diluted to 2% or less.
Bench-Scale
A protocol for the bench-scale test is listed Appendix D in the White House Document (USEPA, 1999). AWWTP staff used this protocol to conduct bench-scale testing. In general, the bench scale test consists of digesting a portion of previously digested biosolids for 30 days. The volatile solids content of the digested biosolids at the end of 30 days is compared to the volatile solids content at the beginning the test. The percent volatile solids reduction that occurs during the test must be less than 15 % to show that the treatment process satisfies the requirements for VAR, and that additional volatile solids reduction is not significant. The recommended testing associated with the bench-scale is summarized in Table 1 . Photograph 5 shows a bench-scale test in progress. Biosolids samples are collected for the bench-scale test after the AWWTP biosolids are processed and ready for land application. A biosolids sample is collected from the digester (2 nd in series) and immediately taken to the AWWTP laboratory where the bench-scale unit (tank) is assembled and ready for use. The sample is diluted to less than 2% with effluent water (prior to chlorination) and aeration of the sample is begun. After 1 hour, the initial sample is removed from the tank and analyzed for TS and TVS. Biosolids are dried and the TS and TVS content determined following Method 2540 G of the 18th Edition of Standard Methods for the Examination of Water and Wastewater.
The equipment used in the bench-scale test (thermometer, drying oven, furnace, and scales) is calibrated annually. During the course of the test, the temperature of the aerated biosolids is kept at approximately 20° C. Oxygen levels were kept at least 2 mg/L. Raw data is recorded on laboratory bench sheets. Calculations are made on specially prepared forms. The data collected allows for calculation of the bench-scale results using both the Van Kleeck method and the mass balance method. Both methods of calculation are described in Appendix C and D of the White House Document (USEPA, 1999), and are followed by AWWTP staff when calculating the final bench-scale results.
SOUR Test
AWWTP staff follow the SOUR test protocol listed Appendix D in the White House Document (USEPA, 1999) . In general, the SOUR test consists of measuring the oxygen uptake rate of a biosolids sample as an indicator of biological activity. The uptake of oxygen that occurs during the test must be equal to or less than 1.5 mg O 2 /hr/g of total solids to show that the treatment process has been successful in meeting VAR. Photograph 6 shows the SOUR test in progress.
A sample of processed biosolids is collected from the digester (2 nd in series), taken to the AWWTP laboratory, and analyzed immediately. The sample is aerated vigorously and the temperature is measured. Continuous mixing is maintained while the dissolved oxygen (mg/L) level in the sample is measured in one-minute intervals, for a total period of 15 minutes. Since SOUR results are based on TS, representative subsamples of the biosolids are dried and the solids content is determined following Method 2540 G of the 18th Edition of Standard Methods for the Examination of Water and Wastewater.
The equipment used in the SOUR test (thermometer, drying oven, and scales) is calibrated annually. The DO meter is calibrated prior to each test using the Winkler method. The sample temperature is recorded at the beginning of each SOUR test. Calculations for SOUR are made according to the 18th Edition of Standard Methods for the Examination of Water and Wastewater. The SOUR test results are corrected to standard conditions (SOUR @ 20° C) in accordance with Appendix D of the White House Document.
RESULTS
The standards for Process VAR requirements for Option 3 and Option 4 are listed in Table 2 . Results of the bench-scale test, conducted by AWWTP staff, are summarized (in chronological order) in Table 3 . The results of Van Kleeck and mass balance calculations are shown. In addition, the volatile solids content of the biosolids at the beginning and the end of the 30-day period is shown.
The criteria used by AWWTP staff to show compliance with process VAR is as follows. If either of the 2 bench-scale calculation methods show a reduction of 15% or less, than the AWWTP biosolids are assumed to meet process VAR. (The White House Document does not provide a clear indication of which method of calculation should be used.) By this criteria, process VAR was met in all cases with the exception of February 1994 and March 1997. (1) Data questionable. In August of 1997, the solids data (on the laboratory bench sheet) showed higher volatile solids at the conclusion of the test than when the test was started and was assumed to be in error. In May of 2000, the solids data collected at the beginning of the test was high and was assumed to be in error.
(2) Lime added to digester may have affected results.
Results of the SOUR test, conducted by AWWTP staff, are summarized (in chronological order) in Table 4 . The results of the total solids content (in %) of the SOUR biosolids sample are also shown. NT Not tested.
(1)
Biosolids sample as received.
Sample diluted by 50% with pre-chlorinated effluent.
Variation between SOUR test results greater than 0.1 mg/hr/g TS.
Undiluted biosolids sample initial DO less than 1 mg/L.
Data questionable.
Note that SOUR results were less than 1.5 mg/hr/g TS in all cases (diluted and undiluted), where the SOUR data was acceptable, with the exception of March 1997. The SOUR test was historically conducted using an undiluted sample, even though the percent solids were greater than 2%. The White House Document suggests that the SOUR test should be conducted using a biosolids sample of 2% solids or less, without dilution. Therefore, in August 1997, AWWTP staff began conducting the SOUR tests on diluted samples. In February 1998, AWWTP staff conducted the SOUR test on diluted and undiluted biosolids samples. One set was conducted on the undiluted sample (as had been done historically) and the other sample was diluted (50% by volume with pre-chlorinated effluent) to less than 2% solids. 
DISCUSSION
The data presented in this report were collected over a period of 8 years. As previously noted, the proper sample collection procedures, analytical methods, equipment calibrations, and laboratory recording protocols were followed. Table 3 presents the bench-scale data collected by AWWTP staff from October 1993 to present. The first bench-scale test conducted in October 1993 showed compliance with the process VAR requirements. However, the second test conducted in February 1994 showed failure, for both the Van Kleeck and mass balance calculations. As noted previously, if either of the 2 bench-scale calculation methods show a reduction of 15% or less, then the AWWTP staff assumes the biosolids meet process VAR. As a result, plant operational changes were made to increase detention times, especially in the winter and spring of the year. After the failure in February 1994, process VAR requirements were consistently met, with the exception of March 1997. Both failures shown occurred in the spring.
After AWWTP staff became proficient with the bench-scale procedure, they began to compare the volatile solids content of the biosolids (% volatile solids IN) with the results of the bench-scale test. They concluded that if the biosolids had undergone sufficient aeration and the volatile solids content of the biosolids (processed and ready for land application) was less than 66%, they could be fairly confident that the bench-scale test would pass. March 1996 represents the highest volatile solids IN value where the process VAR requirements were met. Table 3 includes the volatile solids IN (processed biosolids used to conduct the bench-scale test) and volatile solids OUT (biosolids used in the bench-scale test after 30 days of aeration).
The AWWTP staff also began conducting the SOUR test as another means to show compliance with the process VAR requirements. Table 4 presents SOUR data collected beginning in November 1994. The first series of SOUR testing was conducted using an undiluted (not diluted, as received) sample. On only one occasion (in March 1997) did the early SOUR tests show failure. Note that the bench-scale test (both Van Kleeck and mass balance) also showed failure in the March 1997 monitoring event. Also note, the "Solids IN" was 69%.
The total solids content of the AWWTP biosolids is generally greater than 2%, and most of the early SOUR tests were conducted using samples containing greater than 2% solids. AWWTP staff began conducting the SOUR test on diluted samples (diluted to less than 2% TS) in August of 1997. Recently, AWWTP staff began conducting the SOUR test on the same biosolids sample, diluted and undiluted. While there isn't enough data to compare the results of the undiluted and diluted SOUR test data, there does appear to be a relationship. AWWTP staff plans to continue conducting the SOUR test on both undiluted and diluted biosolids samples in an effort to gain a better understanding of a possible correlation.
A statistical evaluation was not performed to see if a relationship exists between the bench-scale test and the SOUR test. However, on the one occasion (March 1997) when the bench-scale test results showed failure (both Van Kleeck and mass balance results were greater than 15% reduction), the SOUR test results also showed failure. On all other occasions, the bench-scale test passed (assumes both the Van Kleeck and mass balance were less than 15% reduction). The SOUR test (either diluted or undiluted) also passed. There appears to be a seasonal relationship between bench-scale, SOUR, and biosolids volatile solids. Table 5 provides a summary of the average of all valid tests conducted in each of the three seasons where tests were conducted. (There were no tests conducted in the winter as land application does not normally take place in winter.) In the spring of the year, all of the VAR tests show higher values, with the exception of the diluted SOUR test results. The summer months had the lowest values for VAR. The VAR test results recorded in the fall were very close to being mid-way between summer and spring. Based on the data collected during the period, AWWTP staff learned that detention times are critical in the spring of the year. The temperature of the solids under aeration appears to be a factor in meeting process VAR. 
OBSERVATIONS
Based on the data presented in this report, the following observations were made.
• The VAR data initially collected prompted the AWWTP staff to improve plant process performance. Continued VAR monitoring over the past 8 years helped the AWWTP staff to optimize plant process performance. This data may also be useful to other operators.
• AWWTP is able to show compliance with process VAR standards by using the bench scale test and SOUR test.
• Calculation of bench-scale volatile solids reduction using the Van Kleeck equation showed higher volatile solids reduction than the mass balance method of calculation 10 out of 17 times. Appendix D (page 132) of the White House Document notes that "It is expected that the volatile solids reduction by the mass balance method will show a higher volatile solids reduction than the calculation made by using the Van Kleeck equation." The expected result was not true in this case.
• There may be a correlation between the SOUR results using diluted and undiluted samples.
However, additional data should be collected before drawing any conclusions.
• When the % volatile solids of the biosolids (" Solids IN") is 66% or less, AWWTP staff believe there is a good chance that the bench-scale and SOUR test results will pass. Accordingly, if the percent volatile solids are greater than 66%, AWWTP staff continues aeration until this level is achieved, and before beginning the test and land applying biosolids.
• There may be a correlation between the bench-scale test results (both Van Kleeck and mass balance) and the results of the SOUR test (on diluted and undiluted samples). However, additional data should be collected before drawing any conclusions.
• The data tends to suggest that there is a correlation between the temperature of the biosolids under aeration and the volatile solids content of the biosolids. For example, when the temperature of the biomass is low (during spring), the volatile solids content of the biosolids will be high. When the volatile solids content of the biosolids is high, the bench
